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Description 

1. Title of the Invention 

SMALL TYPE PORTABLE DEVICE 

2. CLAIMS 

[Claim l] A small type portable device uses a liquid crystal panel placed between an 
opaque substrate having a reflective surface on which reflected light has directional 
characteristics and a transparent substrate as a display device, 

wherein direction of the reflected light corresponds to an eyeball direction of a user of 
the small type portable device. 

[Claim 2] A small tj^e portable device according to Claim 1, 

the opaque substrate is a semiconductor substrate and the reflective surface has 
concavities and convexities to have directional characteristics. 
[Claim 3] A small type portable device according to Claim 1 or Claim 2, 
the liquid crystal panel uses guest-host type liquid crystal. 

3. Detailed Description Of the Invention 

The present invention relates to a small type portable device using a liquid crystal 
panel whose one side is an opaque substrate as a display device. Though there are 
several liquid crystal panels using an opaque substrate, a semiconductor layer is taken 
as an example in this description. 

Liquid crystal panel has been used as a display device for a pocket TV, a pocket memo 
pad, a game watch and so on, in order to respond to demands for larger display 
information amount, higher resolution and display quality, so called an active -matrix 
panel in which a matrix of switching circuit is formed on a semiconductor substrate to 
display a number of pixels is introduced. However, in this case, as an opaque substrate 
is used, conventional twisted nematic type hquid crystal can not be used, then 
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guest-host type liquid crystal, which has wider viewing angle but has inferior 
characteristics in such as contrast compared to the twisted nematic type, is used, and 
more as a reflective surface is formed on an opaque substrate, display is dark and the 
contrast becomes low, then display quality is not well. 

In order to eliminate problems above mentioned, the inventor suggested a liquid 
crystal panel in which a reflective surface on a surface an opaque semiconductor 
substrate has concavities and convexities to give directional characteristics to reflected 
light. This was suggested considering that in a conventional omnidirectional reflective 
surface, adequate display quality could not be obtained. Because a view angle of a 
reflective surface having a perfect mirror surface is too narrow and display is not clear 
as mirror surface reflection overlaps. 

The purpose of the present invention is to supply small type portable device having a 
liquid crystal panel whose visibility is improved by using directional chracteristics of 
reflecting light thereof 

Hereinafter the present invention , is explained based on the pattern diagram of 
embodiments. As an example of embodiments, a small type portable device using an 
active-matrix type panel comprising a semiconductor substrate is used. 
Fig.l is a perspective sectional view to show one pixel of a liquid crystal panel used for 
a small type portable device according to the present invention in pattern. In Fig.l, 
numeric character 1 indicates a semiconductor substrate in which a pixel driving 
circuit is formed, and on the surface, numerous reflective concavities 2 having 
directional characteristics are aligned with substantially 3 to 20 /im of intervals, each 
of reflective concavities forms a rectangular comprising substantially 15 //m of a long 
side and substantially 3>am of a short side, and the cross section has a parabolic shape 
or a hyperbolic shape, and between surface of the substrate 1 and a common 
transparent electrode 4 on a grass substrate 3, guest host type liquid crystal 
comprising a mixture of liquid crystal material and dichroic dye is sealed like a 
sandwich. In Fig.l, numeric character 5 indicates substantially plane part on which a 
switching transistor to drive liquid crystal is formed. 

In the next place, a method of manufacturing the semiconductor substrate 1 is 
explained briefly. Bis N4 film having thickness of substantially 1200A is patterned on 
a surface of a silicon substrate, where a thermally-oxidized film having thickness of 
substantially 800 A is placed, other than the part where reflective concavities and 
convexities 2 to be formed, then it is left in the oxygen atmosphere at substantially 
llOO'C for about 12 hours. After forming local oxidized films with so called the LOCOS 
method, minute rectangular concavities 6 having depth of substantially 0.5 to 5//m are 
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bored with a method to remove local oxidized films and Bie N4 film or etching (Fig.2). 
On the silicon substrate formed in the process above mentioned, a source diffusion zone 
8, drain diffusion zone 9, a gate oxide film 10 are formed in a transistor forming part 7, 
and in other parts including the concavity part, after a stopper diffusion zone 11 is 
placed, a dielectric film 12 for data signal holding capacitors and a field oxide film 13 
are formed together, lastly a polysilicon layer 14 to be date electrode and capacitor 
electrode, a high concentration phosphate glass film 15, a wiring layer 16, an 
insulation film 17, a lustered metal reflective film layer 19 doubling with liquid crystal 
driving electrode, and a transparent insulation film 19 for shielding direct-current 
electricity are laminated sequentially with conventional IC manufacturing methods. 
Then concavity 6 of the silicon substrate (Fif 2) gains roundness at each lamination of a 
layer, and formed to be the directional reflective concavity 2 having parabolic or arc 
shape at cross section. 

Fig.4 is an example of master pattern to form concavities and convexities on a 
substrate. In Fig.4 (a), an aspect of a rectangular and an arrangement angle against 
the base point line of the pattern are varied at random to prevent appearance of Moire 
fringes with subduing diffraction caused by regular arrangement of the pattern and to 
give certain range of variation to the directional characteristics. Fig.4 (b) is an example 
of bacilliform pattern having irregularity for the same purpose. 

Fig.5 indicates outline of the reflective luminous distribution of the reflective surface 
formed with the pattern example in Fig.4 (a), Fig.5(a) indicates direction of the 
measuring system, and near side of Fig.4(a) is the direction of 0=0** . Fig.5 (b) 
indicates the reflective luminous distribution according to change of 0 against incident 
light from 9=0 at 0=0, Fig, 5 (c) indicates the reflective luminous distribution against 
incident light from right above direction when 6 is fixed to 30 ° in 0 direction. 
Reflected light shows directional characteristics in both 0 and 0 , the directional 
characteristics can be controlled in certain degree by selecting an etching pattern at 
the forming of reflective surface and by changing temperature at forming or thickness 
of insulation layer laminated on the reflective layer, electrode layer to be a reflective 
layer. 

Fig 6 is a pattern diagram of a layout of a wristwatch television, which is an example of 
an embodiment small type portable device using a liquid crystal panel whose reflected 
light has directional characteristics, 3 o'clock, 6 o'clock and 9 o'clock indicates each 
direction. 21 is a time display part comprising a liquid crystal display using 
conventional twisted nematic type liquid crystal, and 20 is a television display part 
using the directional active-matrix panel mentioned above. In the directional panel 20, 
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the direction of 0=0 in Fig. 5 is set to 6 o'clock direction and the reflective surface is 
made comparatively gentle so that brighter and better contrast display can be obtained 
when a viewpoint is placed at high position in the 6 o'clock direction. In this case, it is 
considered that as size of a television screen embedded in a wristwatch is small, the 
position of a viewpoint is limited and higher display quality is required. On the other 
hand, in case of a wristwatch memo pad, as characters are displayed on the display 
part of 20 in Fig.6, the range of viewpoirit is considered to be wider than displaying 
television, it can be supposed that the direction of 0=0 is set to the 7 o'clock direction 
and the concavities and convexities are made larger to weaken the directional 
characteristics. 

As described above, a structure of small type portable device having brighter and 
better visibility can be obtained with setting directional characteristics and orientation 
of a liquid crystal panel in which reflected light has directional characteristics to the 
visible direction of a user. 

4. Brief explanation of drawings 

Fig.l is an enlarged and simplified perspective view of one pixel of a liquid crystal 
panel used for an embodiment according to the present invention. 

Fig.2 is an enlarged and simplified perspective view of a semiconductor substrate 
which is a lower opaque substrate of the panel above mentioned. 

Fig. 3 is a simplified cross section of a semiconductor substrate of the panel above 
mentioned. 

Fig.4 (a), (b) show examples of etching patterns to form concavities and convexities. 
Fig. 5 (a), (b), (c) shows the reflective luminance distribution of the semiconductor above 
mentioned respectively. 

Fig.6 shows one embodiment according to the present invention. 

semiconductor substrate 
2**- directional reflective concavity 
3*** transparent substrate 
4*** common transparent electrode 
5-' transistor forming part 
18-- liquid crystal driving electrode 
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